The evidence base of policies that improve the timeliness of cancer care is under ongoing debate. Pancreatic cancer is frequently diagnosed in a stage when curative therapy is not feasible; hence, it is an important target for timelier healthcare interventions. The objectives of our research were to identify all clinical studies on pancreatic cancer care delays via a systematic literature review, to assess the study methodologies for possible biases, to conclude on the available evidence, and to formulate research recommendations on evidence gaps. Nineteen studies were identified and eight reported multivariate analyses. Although many sources of bias shifted the results towards negative or paradoxical findings, a statistically significant association of shorter delays with better clinical outcomes was demonstrated in the majority of studies reporting multivariate analyses. Noninferiority analyses were not published. Further efforts to provide timely care for pancreatic cancer patients are encouraged, and studies on the associations of delay with patient experience and healthcare resource utilization are warranted.
Introduction
Patient navigation programs aim to improve outcomes in vulnerable populations by eliminating barriers to the timely diagnosis and treatment of cancers or other chronic diseases. 1 The first patient navigation program in the USA was launched in 1990 at the Harlem Hospital Center in New York City, with the ambition of providing free or low-cost examinations and mammograms and patient navigation to achieve timely diagnosis and treatment for breast cancer. After introducing the program, the proportion of breast cancer patients with stage 3-4 disease at diagnosis decreased from 49% to 21%, and their 5-year survival rate improved from 39% to 70% at this center. 1 This program also showed that important patient-level barriers linked with socioeconomic deprivation as well as the capacity and organization of the medical system itself may also limit the timeliness of cancer care provision. Several patient navigation demonstration sites have been established in the USA. 1, 2 In parallel, many European countries with almost full health insurance coverage have made strong efforts for timely cancer care, mostly focusing on the capacity barriers of their generous medical systems. In the UK, cancer waiting time targets were introduced in 2000 as part of the NHS Cancer Plan, setting upper limits for the time to the first specialist visit (14 days) and to treatment initiation (62 days). 3 Similarly, the 2015 National Cancer Program in Sweden specified time bounds for patient pathway intervals starting from the event of "well-founded suspicion" defined for each cancer type separately. 4 Nevertheless, the evidence basis of introducing delay thresholds for cancer patient pathway intervals is frequently challenged in the scientific literature and may be different according to different cancer types. [5] [6] [7] Randomized controlled studies are scarce in this field. While many observational studies reported associations of shorter delays with better clinical outcomes in symptomatic cancers, others found paradoxical associations of longer delays with better outcomes. 8 Such paradoxical associations may result from multiple sources of methodological bias, as overviewed and explained in Table 1 . The contradictory findings may also reflect the wide heterogeneity in study populations, delay definitions, differences in delays across cohorts, and sample sizes across studies.
Cancer of the exocrine pancreas is one of the leading causes of cancer mortality in developed countries and is one of the most lethal malignant neoplasms worldwide. 9, 10 Unfortunately, the mortality of pancreatic cancer is almost identical with its incidence since most patients with pancreatic cancer are diagnosed in a locally advanced or metastatic stage when the only curative treatment option, complete surgical resection, is no longer feasible. [11] [12] [13] In theory, improvements in the timely diagnosis and treatment initiation of pancreatic cancer may contribute to better patient prognosis, given the following findings: i) the progression time of pancreatic adenocarcinomas from stage T1 to T4 is estimated to be just over 1 year; 14 ii) large (>2 cm) pancreatic cancers develop CT-detectable metastases in a mean period of 3.5 months (range 1.2-8.4 months); 15 and iii) assuming exponential tumor growth, the speed of tumor cell replication is highest in the last weeks of its natural course before treatment initiation. 16 Screening opportunities for pancreatic cancer are not available at present. Accordingly, symptomatic pancreatic cancer patients with long wait times could theoretically benefit from shorter delays and earlier diagnosis and treatment. However, many studies reported statistically significant paradoxical associations of longer wait times with better clinical outcomes in pancreatic cancer patients. [17] [18] [19] To navigate the jungle of contradictory evidence in this important field, we conducted a systematic literature review of all published studies on the association of delays in care with outcomes in patients with cancer of the exocrine pancreas, with the following objectives: 1. to identify the potential sources of methodological bias in each study; 2. to synthetize the available evidence, taking into account the recognized sources of methodological bias; and 3. to formulate recommendations for further research on current evidence gaps. The review was not limited to specific interventions, comparators, outcomes, study designs, or healthcare settings.
Materials And Methods

Systematic Literature Review
A systematic literature review was conducted in 5 databases (PubMed, Scopus, Cochrane Database of Systematic Reviews, LISTA, and Library of Congress) to identify original research papers on the association of the delay in pancreas adenocarcinoma care with patient-level outcomes, in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (the PRISMA checklist is provided in Table S6 ). Search strings for PubMed and Scopus were composed of a combination of search terms related to pancreatic cancer and delayed care, while the Cochrane Database of Systematic Reviews search covered all pancreas-related papers. LISTA and Library of Congress were searched for all articles related to pancreatic cancer. For the specific search syntax, please see Table S1 in the online supplementary materials; searches were conducted for the 2000-2017 period. Search records were deduplicated and then underwent title and abstract screening by two independent researchers using EndNote software, and conflicting opinions were resolved by a senior researcher. Papers without an English abstract, not related to cancer of the exocrine pancreas, and/or without original research findings (e.g., nonsystematic reviews) were excluded in the screening phase. Periampullary cancer findings with mixed or unknown histology were included for the sake of completeness, whereas studies solely on ampullary and/or bile duct cancers were excluded. The protocol of this systematic review has not been registered. All records passing the title-abstract screening were read in full text and checked for eligibility by two researchers. The eligibility criteria in the full text review phase were pancreatic cancer papers with data on the delay of care and at least one outcome reported as a function of delay. Nonpeer-reviewed papers, conference posters, and records not available in full text were also excluded. The reference lists of all eligible records were examined for additional relevant articles that underwent the same screening and full text review process as described above. Data extraction on study characteristics, study populations, delay definitions and durations, and study outcomes was completed by one researcher and checked by another researcher. The investigators of the studies were not contacted to obtain missing data in their publications.
Assessment Of Possible Sources Of Bias
The quality assessment of the identified records is an inherent part of systematic literature reviews. 26 The possible risk of bias was characterized using the Cochrane Collaboration Quality Assessment Tool for randomized and controlled studies and the Methodological Index for Non-Randomized Studies (MINORS) instrument for nonrandomized studies. 27 In both quality assessment tools, the judgments on the risk of bias were made by a single reviewer and were double-checked by another reviewer. Beyond the above generic bias assessment tools, we carefully assessed the risk of specific biases previously described in this research context ( Table 1 ). The risk of bias due to the wait time paradox was excluded if the duration of care delay was assigned by randomization or if patients diagnosed very quickly and/or having very poor outcomes (e.g., early death) were excluded from the analyses. 8, 20 Lead time bias reflects the apparent improvement in survival when survival time is measured from an earlier time point in natural history. 21 Lead time bias was excluded in survival analyses where the clock start event was not shifted by differences in care delay, e.g., measured from the presentation of symptoms or from the time of randomization. Moreover, the risk of lead time bias was considered low if the between-cohort difference in survival was clearly longer than the observed shift of the clock-start event. Length bias reflects the higher mortality of more severe patients and hence the enrichment of patients with less aggressive disease in cohorts with longer delays of care. 21 Length bias was excluded in studies with complete follow-up of patients until the study endpoint. The risk of confounding 22, 24 was considered to be high in studies without multivariate analyses and low in studies with multivariate analyses adjusted for primary tumor histology and for the location within the pancreas or type of initial symptoms. The risk of bias due to adjustment for parameters in the putative causal chain was raised when multivariate analyses were adjusted to interim outcomes, e.g., survival analyses adjusted to tumor staging parameters or resectability at the end of the investigated delay periods. 24, 25 Results
Systematic Search Results
The numbers of identified, screened and excluded papers are shown in the PRISMA flowchart 28 in Figure 1 . Altogether, 18 pancreatic cancer studies were eligible for inclusion in this systematic review. The key characteristics of the included studies are listed in Supplementary   Table S3 . Most studies were single-center retrospective analyses. The included studies applied a wide range of outcome and delay definitions as well as statistical analysis methods and involved various study populations (e.g., by cancer histology, stage distribution, and extent of delay). Delay periods were measured from symptom onset in 6 studies, from the first specialist consultation in 2 studies, from the first or last cross-sectional imaging in 9 studies, and from cancer diagnosis in 1 study. The delay distributions within studies were typically right-skewed; therefore, the mean values are hardly informativenote that when reported, the standard deviation was always higher than the mean delay ( Table 2) . Many studies reported only proportions above certain delay thresholds. Quartiles and medians provide more detailed information on nonnormal distributions. No clear trend could be identified in the median delay values over time or across countries. 
Bias Assessment Results Using Generic Tools
The single randomized controlled trial 18 had a low risk of bias in all aspects considered by the Cochrane tool. For the nonrandomized comparative studies, MINORS scores ranged from 13 39 to 20, 34 where the scale range was 0 to 24 (the higher the better). Zero scores were typical for the blinded evaluation of endpoints, prospective calculation of study size and power, and baseline equivalence of groups. For details, please see Table S5 in the online Supplementary Materials. No study was excluded from the narrative synthesis based on these findings.
Assessment Of Specific Sources Of Potential Bias
The waiting time paradox was not explicitly mentioned in any of the identified studies. None of the studies excluded patients with very short wait times from the main or sensitivity analyses, and only one study excluded patients with the worst prognoses (in-hospital and 30-day mortality) from the survival analyses. 29 The randomized controlled design is an efficient way of controlling for the wait time paradox in between-arm comparisons. However, some residual biases cannot be excluded in the regression analyses of an RCT study population since the within-arm heterogeneity also shapes these results; and for instance, in the study by Eshuis et al, randomization was overwritten by clinical decisions in approximately 4% of study participants. 18 The lead time bias was adequately controlled for in 2 studies, and these studies calculated the length of survival from the presentation of symptoms 30 or from the time of randomization. 18 In other studies, survival was calculated from the time of diagnosis [31] [32] [33] or from the time of surgery, 17, 29, 34 or the clock start event was not specified. [35] [36] [37] [38] Five studies reported statistically significant survival benefits in patients with shorter care delays. The extent of lead time bias was probably marginal in four of these, due to the survival period definition 30 or to substantially larger survival benefits than the observed differences in delays. 32, 37, 38 However, one study reported a minor but statistically significant survival benefit (approximately 2-month difference in median survival, p=0.014) in a sensitivity analysis of patients with <143 days versus >143 days from symptom onset to referral letter. 35 Since the survival measurement clock start event was not reported in this study and the apparent survival benefit was comparable in size to the difference in delays, this finding could reflect lead time bias.
Length bias could not occur in studies without dropouts. 19, [29] [30] [31] [39] [40] [41] However, many studies excluded all patients from the analyses who did not complete the diagnostic phase 32 or did not undergo surgery 18, 33, 34, [36] [37] [38] 42, 43 or other treatment. 17, 35 Given that patients with the most aggressive disease may die or may become inoperable in higher proportions in cohorts with longer delay periods, these studies are subject to length bias.
Confounding was controlled by randomized design in only one study; 18 unfortunately, this study had a significant baseline imbalance of patient age and BMI. None of the studies applied the matching or weighting of cohort populations before analysis to enforce comparability in terms of measurable and related confounders, but the study inclusion criteria occasionally restricted the study populations by histology type or tumor stage. Only 8 of the 18 included studies reported multivariate analyses on the association of delayed care with outcomes. Many of these failed to adjust for histology and primary location or type of initial symptoms (Table 3) .
Adjustment for parameters in the putative causal chain occurred in all but one multivariate analysis (Table 3) , diluting or diminishing the association of longer care delays with worse prognosis.
Overview Of Study Results
Multivariate analyses of the identified studies are summarized in Table 3 . Although multiple sources of bias shifted the results towards negative or paradoxical findings, a statistically significant association of shorter delays with better clinical outcomes was demonstrated in five of eight DovePress studies reporting multivariate analyses (Figure 2) . For detailed interpretation of study findings and methodology biases together with their narrative synthesis, please see the Discussion section.
Discussion
To the extent of the authors' knowledge, this is the largest systematic literature review on the association of care delay with patient outcomes in pancreatic cancer. For comparison, recent systematic reviews of care delays in all solid organ cancers included five 8 and two 44 pancreatic cancer studies. An interpretation of the available evidence and research recommendations are provided below.
Interpretation Of The Available Evidence
All of the 18 included studies suffered from one or more sources of potential methodological bias. Nonrandomized studies without matching/weighting of the compared populations and without multivariate analyses are particularly susceptible to bias, thus providing low-quality evidence. The single randomized controlled study found statistically significant paradoxical associations: every week of postponing surgery decreased the hazard of mortality by 9% in periampullary cancer patients without CT evidence of locoregional irresectable or metastatic disease. 18 Nevertheless, this analysis was adjusted for resectability (67% in the early surgery arm and 56% in the postponed surgery arm), an intermediate outcome that could hide the true association of delays with the mortality hazard. Similarly, the subgroup analysis of resection surgery patients showed that every additional week of postponing surgery decreased the hazard of mortality by 15% when adjusted for intermediate outcomes (microscopically residual disease and tumor-positive lymph nodes) that occurred less frequently in the early surgery arm (27% vs. 38% and 65% vs. 70%, respectively). These paradoxical findings clearly indicate that the randomized controlled study design alone is not a guarantee for an unbiased effect estimation, and careful consideration is needed regarding the analytical methods to apply. Some nonrandomized studies with multivariate analyses also reported statistically significant paradoxical associations. Tokuda et al found that every month of patient delay was associated with an approximately 3% reduction in the remote metastasis odds at diagnosis; 19 however, this analysis pooled all solid organ cancers and did not adjust for the primary organ or histology. Jooste et al found that a >29-day delay from the first consultation to first treatment was associated with a 50% lower hazard of remote metastasis but did not adjust for histology type, location within the pancreas, or patient delay. 17 These studies were not controlled for the wait time paradox, and the latter study was subject to length bias, providing multiple arguments to explain the above clinically nonsensical associations. The largest nonrandomized study with multivariate analysis was published by Yun et al, who retrospectively analyzed 2309 patients and found that a >31-day delay from diagnosis to definitive treatment was associated with an~23% increase in mortality hazard when adjusted for several covariates but not for histology and tumor location within the pancreas. 38 Gobbi et al reported that every additional week of delay from the first symptom to diagnosis was associated with an~2.4% increase in mortality hazard, adjusted for age, sex, location within the pancreas, histology, stage, size, and surgery type. 32 Raptis et al investigated nonperiampullary PDAC patients only and found that every day of patient delay was associated with a minor but statistically significant increase in mortality hazard, whereas the time from the first referral to treatment showed no significant association with mortality. 35 The authors stated that "multivariate analysis excluded that the time from referral to treatment was an DovePress independent predicting factor of survival (p=0.108)", which was a controversial conclusion for two reasons. First, a statistically nonsignificant finding is not evidence against the association in general but may result from insufficient statistical power or confounding by intermediate outcomes (e.g., operability and resectability in this analysis). Second, it is biologically unreasonable that the time before but not after the first medical referral is important. Such an inference would assume that the tumor changes its behavior at the first medical visit. Notably, the true associations could be even stronger in these studies due to the waiting time paradox, length bias, and adjustment for one or more intermediate outcomes ( Table 3 ).
The single nonrandomized study that controlled both for the wait time paradox and length bias and did not adjust for intermediate outcomes in multivariate analyses was published by Sanjeevi et al. 29 This study investigated the association of the imaging-to-resection/reassessment (IR) interval with progression to locally advanced/metastatic disease incompatible with curative resection in 349 surgical candidate pancreatic ductal adenocarcinoma (PDAC) patients. The unresectability rate was zero in patients with IR ≤22 days and was significantly lower for IR interval ≤32 days compared with longer waiting times (HR 0.42, 95% CI 0.21-0.89). In patients with resection surgery, an IR interval ≤32 days was not significantly associated with a reduced mortality hazard (HR 0.88, 95% CI 0.61-1.26). Given that unresectability is known to be a strong predictor of mortality in PDAC, the latter finding may reflect the low statistical power of this study but also that if the tumor is operated in the resectable stage, then IR does not have a prognostic role. In contrast, as the main result shows, IR is a strong determinant of resectability.
Recently, Deshwar et al published a relevant study beyond the inclusion period of our systematic literature review. 45 They conducted a retrospective chart review of 116 PDAC patients and investigated the association of patient, diagnostic, and treatment delays with surgical resectability rates. In a multivariate analysis adjusted for age, sex, race and all delay periods by thresholds, patient delay ≤30 days and diagnostic delay ≤60 days were significant predictors of resectability (OR 3.41, 95% CI 1.08-13.2; and OR 15.68, 95% CI 2.95-291.00, respectively), while treatment delay ≤30 days was not (OR 1.81, 95% CI 0.68-5.01). This study did not control for the wait time paradox and excluded all untreated patients; therefore, it was subject to length bias, and hence, the true association of delays with resectability could be even stronger.
Overall, a narrative evidence synthesis is provided since heterogeneity in definitions and populations as well as methodological limitations prevents performing a metaanalysis of studies. Lead time bias could have a marginal contribution to the positive associations of shorter care delays with survival. Even though none of the studies reported statistical power calculations, and 7 of 8 studies suffered from other biases that shifted results towards negative and paradoxical findings, 5 of 8 studies showed a statistically significant association of delayed pancreatic cancer care with adverse clinical consequences, especially in patients with potentially curable disease (Figure 2) . Importantly, all studies tested the "superiority" of shorter delays, with a null hypothesis that shorter delays do not cause better outcomes. The lack of statistically significant findings in these superiority analyses shall be interpreted as there is no statistical evidence to reject the null hypothesis. Such findings do not confer, however, enough evidence against the tested associations, i.e., they do not rule out that a shorter delay causes a better outcome; they simply do not provide enough evidence for that conclusion. This is especially true for studies with small sample sizes and low statistical power. Power calculations were not reported in any of the identified studies; hence, the risk of low study power cannot be ruled out. Instead of superiority analyses, other types of statistical methods, such as "noninferiority" and "equivalence" analyses, would be warranted to exclude the clinical benefits of earlier diagnosis and treatment with high probability, based on predefined equivalence margins. 46, 47 However, none of the identified studies reported corresponding analyses, testing the hypotheses of whether care with longer delays confers not worse or equivalent outcomes compared with care with shorter delays. Concluding equivalence or noninferiority based on nonsignificant test results in superiority analyses is clearly inappropriate. 47 Hence, we conclude that continuous efforts to provide timely care for patients with suspected pancreatic cancer are supported by empirical evidence, while there is no valid scientific rationale behind opposing statements/recommendations at present.
Notably, all studies focused on clinical outcomes, e.g., stage distribution, resectability and overall survival, even though patient experience of the care process and healthcare resource utilization are also important aspects to consider in health policy decisions, according to the framework of the Triple Aim in Healthcare. 48 This is a critical evidence gap: the overall value of improving the timeliness of pancreatic cancer care cannot be reliably evaluated from the health economic perspective without these considerations. The additional costs of capacity development in a healthcare system and impacts on patient experience in the care process also need to be carefully considered when forming health policy decisions on interventions to improve timely access to cancer care. An inherent limitation of our review is that the identified studies were typically not randomized and controlled. Given that early diagnosis and treatment is thought to be associated with longer patient survival, the implementation of randomized controlled studies on the impact of longer delays in pancreatic cancer is hardly acceptable from the ethical perspective. Hence, observational studies have an important role in evidence generation despite their methodological limitations. The included observational studies suffered from multiple sources of potential bias, mostly predisposing them to negative or paradoxical findings, as well as applied heterogeneous delay and outcome definitions that prevented the quantitative integration of findings across studies. However, our systematic review methodology was sound and robust, and the potential sources of methodological bias were taken into account in a systematic manner in the narrative synthesis. Accordingly, the following research recommendations and conclusions were formed based on the best level of current evidence regarding the impact of care delays in cancer of the exocrine pancreas.
Research Recommendations
Future studies should consider and adequately discuss the wait time paradox, length bias, lead time bias, and confounding bias and should not adjust multivariate analyses for intermediate outcomes in the putative causal chain. The effect of delay on disease prognosis should be studied specifically by cancer types. The adequate prevention of confounding might be achieved by matching or weighting the study groups for prognostic factors at the start; however, in practice, controlling for them in the analysis is more feasible and efficient. Tumor progression indicators (e.g., stage or resectability) at the start of the investigated delay period are important to control for in order to enhance the comparability across cohorts. However, the same indicators measured at later time points, e.g., at the end of the investigated delay period, should be regarded as intermediate outcomes in the causal chain to longer-term benefits, including patient survival. Beyond clinical outcomes, patient experience as well as resource utilization and care costs also need to be investigated to support health economic analyses and subsequent evidence-based health policy decisions. The extrapolation of study findings to other populations and health systems also needs to be critically assessed, keeping in mind the differences in study populations and current performance of healthcare systems, e.g., different length of wait lists.
Conclusions
Care delays show right-skewed distributions due to patient subgroups with unusually long patient, diagnostic, and/or treatment delays. Despite the methodological limitations of the available studies, the clinical advantage of reducing long care delays in pancreatic cancer patients is supported by empirical evidence, especially in patients with potentially curable disease. None of the published analyses were designed to prove the opposite statement. To support health economic analyses and evidence-based health policy decisions on patient navigation programs for pancreatic cancer patients, further research is warranted on patient experience outcomes and on healthcare resource utilization, as well as on the costs of capacity development.
